Europaisciies Pateritaml 
European Patent Office 



llllllllllllilllilllllllllll 

Office europeen des brevets , "I Q33 232 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of pubi:c3iion: 


(51) inta C12N 15/87. A61K 48/00, 


14.03.2001 Buiietin 2001/11 


A61K 38/00, A61P 31/12 


{2 !) Apf-iioaiior- !iii!ril;t.[ 99117771,8 




(22) DtSU: of fiiir-f; 09.09.1999 




(8-1) Designated Coniracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Ff fR G8 GR iE il Lt LU 


* Jung, Giinthcr, Prof. Or. 


MC NL PT SE 


72076 Tubingen (DE) 




• Hocrr, iogmsr 


AL LT LV RO Si 


72070 Tubingen (DE) 




• Rammensee, Hans-Georg. Prof.Dr. 


(71) App^cants: 


72070 Tubingerj fOE) 


♦ Jung, Guother, Prof, Dr. 


• Obst, Reinhard. Or 


72076 Tubingen {DE} 


72070 Tubingftn (DE) 


" Rammensee> Hans-Georg, Prof. Dr. 




72070 Tubingen {OE) 


(74) Reprssiftntetive Patentanwaite 


• Hoerr, ifigmar 


Ruff; Beier untl Partner 


72070 Tiibingeii <DE} 


Wffiy-Srancit-Stt-asse 28 




70173 Stuttgart (DE) 



(54) Transfer of mRNA using poiycattonic compounds 



(5?) The inveiition provides a metnod for tfie vans- 
ter of RNA. espsciaisy mRN.A, mlo osiis ami into organ- 
isms. This metiiod is e&peciaiiy suited for appiicatiosis 
ir; thft fteid of gen«: therapy. Th-:? RNA is trsm.^fsjrfeci in 



tfie foi-[n of a coiVrpiex iistween at ie-ibt one RhiA ■■avi at 
least one cationic. especiaiiy potycationsc, peptide or 
protein. Preferably fjrotamine, poiy-L-Sysine end/'or his- 
tone is used as cationic peptide o- proteiri. 



a i.p. 10^ Hela-K^ RNA transiected 
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Description 

{OOOI3 Ti-if; inv«3ri:;on resaies to a rn'sthocl for the ii-ans'er of inRNA, paritCLilisriy ttito ceiis. Furthe-irnore, the tnverition 
reiotfid to a coniplex and a composifion usefui for performing especially tr^e inventive method. 

s [OOO23 A !ot of rjjethoos have beisn d;3ve!oped in the past decaciss. iri order to lr;3nsf«;r (i!.id>-3!<;. adds into ctsiis. and 
qspecifttty into ora;jn!&rn&, in partic-uiar, transfer rne!hod& for eukaryoiic cells were taketi into account m the iast yeisrs 
If! tfiis ccnneciiof! rnetnod? whicfi i-.n: siiitabie in cofn«;xi of g'^ri!^ thfirtipy are of parficuisr interest. 
[0003] Gene ttierapy i& a rnedica! procedure that treats a disorder by replacing or countsractijig a fauiiy gene. Such 
3 therapy demencis a high ineasure of safety pre-caufions to minimize risks and dangers for the freateci person. 

i'3 [00043 7 hi5 cosTiiTicjn appro!5cf5 for tfie reseaicti in tfie fi-ald of gene tSierapy is the use of DMA to iiitfOduc« th-a needed 
genetic information into tne ce!! There are severai methods known which are usefii: and comparatis'Sty effe&ti>.'e in 
deiivering: DNA into the ceii, e.g, caicium pfiosphate trartsfection, Polyforen transfection, protopiast fusfon, etectfopo- 
ration, irticrosnie'jtion or iipofeciiofi, Espedaiiy iipoteciiori has been proved to be a tisetuf tool 

[OOO53 One rr-ethoci es-.peciaiiy isppiieci in the fiefci of gene therapy is the use of DNA-virijses as vetiicieis for ttie DNA 
Viruses tiave fiie irnporlant advantage that fliey are liifective by ttiernseives. T tierefcjie, they have no prohierns iii 
entering the cell. On the oEher hand, by working with viruses a cersain risk aiways remains. St is not possibSe So exciude 
that the virtjs spreads uncontrollably in the orgamst^v, in sptte of the tad that obviously the Ksed viruses have been 
geneiicatty engineered to exclude this risk as far as possible. 

[00063 Usually, ti«; DNA delivered iiitc; the c:eii iftfegrates to .a cerlaifi exient ifito ihe genome of the fnsnsfeofed cei! 

i'o This couid be a desired effect because this coi,iid possibly enable a iong-persisting effect of the introduced DNA On 
tfte other side, iiit«:gr;st(on into ttie genorjie involves one -riain risk of cjetie ther;:py By integration the iniroduceci DNA 
could cause an insertion in an intact gens of the transfected cell, i.e. a mutation vifhich disturbes the function of that 
partkBiar gene. Hereby, an insportant enzyme, for example, could be knocktKi out. and the ceii possibfy iooses lis 
viabtlity. Since ifie intecratton into -he geriOine is a s;atlst:c- event only a portion of the cetts Will die due to the integration 
of the delivered DNA causi'ig lethal insertion rnutations. Therefore, leihaf insertion miitations vjiii not iead to extreme 
drastic after-effects for Ei-ie organism, in general. It is more fatal that doe to the mutation caused by the insertion of the 
DNA the stalling pomt tor the de>.'elopiTient of a cancer coiiid be given For exainpte, by destroying the gene encoding 
3 regulatory factor for proliferation the ajll can show unlimited division. Such an abnormal protiferattve cei! could entail 
a cancerous disease with all Known had consequences for the concerned patient. For this it coufd be siifficient thai 

so o-iiy one single ceii is converted into a cance.fous cell whic.t) is the starting point for the cancer (ieveloprnertf 

[0007] Wtien working with DNA, 1! is iiiandatory to connec:; the ceiie to he introcinced with a strong promoter, e,g 
the viral CMV-Promoior, in order to achieve a sufficient translation rate. The potential risks of soch prorrioters are not 
exactly known, hut it is not possible to exclude the insertion of said pfotnoters iti the genome of the treated eel! with 
fatal consequences for the regulation of gene expression. 

35 (OOOS] Another dangerous aspect of ijsing ONA in gene thei-apy is tli«: tnciuctlon of pathtxjenic anti-DNA antlt)0(iies 
wifhm the treated organism causing a fatal immune defence. 

[00093 D;je to these reasoris iri the f;ast several considerations anri attempts were niad«; in orcief to circumvent the 
nsl?3 of DNA. especially of uncontrollable insertion of DNA in the field of gene therapy. The solution of this problem 
would be ttie ijse of RNA instead of ONA as a carrier of genetic iriforn-ation. 

« [0010] RNA by itself is no; able to integrate mto the oenofne. Ttierefore, t)y the ijse of RNA mutations caused by 
i'lsertion wiii ni.it take place. One further advantage of ihe use of RNA is that RNA could be directly translated by the 
translation machinery of the ceii. The step of transcripllon of DNA into tnRNA as it is needed when using DNA for 
transfection is not necessary Therefore, the genetic information is sirectiy translated into the desired gene product, e. 
g. an enzyme, without delay. An appearssnce of anti-RNA antibodies, which could cause probiems m respect to dinicai 

« appiications A'ere not onser^^ed until no'A 

[001lj In order to ensure Stiat Ihe RNA is identifiesi and correcfly trtinstafed withiri !he trarisfected cell it is necessary' 
to work with RNA compatible wiih -he eukaryotic translation system. By transfectmg messenger RNA (rnRNA} which 
contains a 5'-cap and a poiyA-lail and possibly further appropriate transiation signals lil^e e.g. a ribosoma! binding site 
it is secured, 'i-iat iiis genetic infori'n.alion is corrscily used by the cell. 

50 [001 2] An important appiicaoiiity of RNA is the antisense approach, He-e a Rfj A .complementary -o tne target mRi'iiA 
is tcaosferred into the celt. Due fo conipiernetariiy tjoth RNAs interact with each other and thereby the transiation of 
the target i-ni^NA is inhibited. By Shis fechnology fhe expression of a special undesirad protein can be suppressed 
[0013] Aricjther irnportan; field of appiicaiion of transfer of RNA are ihe so-called nbo^ytnes Rtlxwymes a;e RNA 
molecules with enzymatic activity which attack desired targets in the cell very specifically. 

s-s [OO143 in summsiry, RNA would be a very efficient tool ir, the field of gene therapy and in tt-ef^eid of moiectilar resear(;h 
on the whofe, 

[0015] So faf RfviA was considered to be very problematical in iatjoratory and ciinicat handling. Since RNA is very 
prone to hydrotyses by ubiquitous nbonucleases it is not stable in solution. Even smaiiesi contarsiinations of ribonu- 
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cteases are sufficient !o degrade RNA compieleiy. Therefore, gene therapy afjproaches invoiving nufJeic acids have 
Lifitii now TocLi&eci on DNA which is much easier in handling (Ref. 1), 

(00163 N&vefth-jifcSB. it has b&en shown that nake'.i RNA injtjoiefi itito inouifs skeiejUii rniiscte dot-s te:Y.s So gene 
expression m vivo (Ref. 2) and thai cytotoxic T csffs can be primed in vivo with tiposome sncapsuiated mRNA which 

s so f.ar cciijid be pi&pEir&d ^iy an extferiiy oomplio.sied procejure (Rsf. 3) 

1001 7] Rqceniiy, si has. been shown by Ying ei a! iha\ a seif-replicating RNA vaccine is a potentiaiiy useftil candidate 
for (he treaimeni of paii.jn-;; whh cancer (Ref. 23). Vaccinahon i;; based on intradijcfng an aniiijen, in ihis case she 
ger-etic inforniaiion sDNA or RNiA.) for an antigen, into the organism, especially into ttie ceii. The genetic iiiformation 
is traosiated into She antigen, i.e into a certain peptide or prolein ana thei-eby an linmune response directed againsi 

i'^ this; peptide or piotein i;; Ktiniijia-ed. In respect to the Ireairnent of car-oer thiS can be acf)teved by iirtfoducing the 
ggiiefic inionnation ct cancer an-igenS; e.g. pi-oseins solsiy expressed ny cancerous ceiis Then, these cancer antigens 
are expressed ir. ihe organisfii anci an immune response is elicited which ts eflicieiitiy direct-jci against the cancerous 
cells eiir;iinating thern. Due to the extreme sensttiv'ity and the very low stability of RNA the imsnunogenicity of this 
nifcleic acid is normaiiy very tow. The authors cjf She above-mentioned articie enhanced the immunogenicfty of tne 
nucleic acid iiy making it "selt-repiicating". "i'his was ac;c-jrnpf(slied by usinc a gene encxjding RNA repiicase polypi Otein 
derived from the Semiiki forest virus in combination with a RNA encoding for a model antigen. 
(00183 ^ '■'S'' dis^advantage oi the approach of Yinq ei al. cosjld be thatttie virai eiuynie RNA repiicase is necessary 
to enhance the efficacy of sne RNA introduced The effects of this foreign enzyme in the organism treated ai-e not 
known, 'fhss enzyme is able to replicate RNA unspecificaliy, I.e. it replicates RNA from viruses which coijtd enter the 

i'o organisni by normai infections at random, thereby increasing the rist; of dangerous infections drasticaiiy This maKes 
ttse approach of ^•1r■;g ef al fisi<y for ciinicai appltcattons. 

[00193 Another disadvantage ivhen using repiicase :s that celts transfected with tins sni-yme stiow apoptosis i.e. 
cell deasti, witttin about 24 h. The.se short-iiving cells are not ab!e to produce the (Jesired gene product m syfficieri! 
amounts. That is another reason wliy this approach is not suited for ;3pplicafions in tlie field of gene therapy where 
relatively ionq-persisting e>:pression of the target gene has to be acnieved 

(00203 Tiierefofe, the invention has Ifie object to piovide an eflicieiit ineth'.xf fo! iniroducing mRNA into cells, espe- 
cially into {living) organisms v/hich circumvents the above-nentioned probiems and wi-iich is suited for therapeutscai 
and clinical appfications. This of>ject is solved by a method showing the features of claitn 1, Special embodiments of 
the trtventtve method are depicted in -he dependent cJaims 2 to 10. A cornpiex compi-islng infer aiia mRKA, a coi-npo- 

30 sition, and the use of the compfex or the composition tn accordance with the mventive method are cfaimed in claims 
11 to 25. The wordrrig of a!! claims is hereby made to tne content of the specification by reference. 
[0021] The invention is Ssased on -he surprising resulis of the inventors that mRN.A could he efficsenSly Sransferfori 
into cells if the mRNA is associated or bound to a oattonic peptide or protein. The sjse of protamine as a polycationic 
nucleic acid binding protein is especially effective Use of other cationic peptides or proteins iii' e poty-L-iysine or histone 

35 is also possif>te. 

[0022] Protaiiiines are baste i;cationic} smatt proteins of molecular weights of about 4,200 Da They ai'S found tightiy 
associated witii DNAb in f^sh spjerinatozoa. Neariy two-lhirds of the amino acid rf;sidi;«;B in protamintis are basic, and 
these baste residues are usually found ciustesed. four or live in a sequence. 

[00 233 "1 ^-vi Sixties and Seveniies the effect of basic proteins like profatnine on the infecSivify of viruses was inves- 
ts tigated. it was shown thai: basic proteins provoKed a sensitization of cells in respect to Infectivity of viral RNA {Rets 21 
and 22). In 1978 it vv.as siiown thai protamine forms a complex with do-jble .stranded SRNA (Ref 9). These research 
resutSs were not considered to foe important for the field of gene therapy. 

[0024] The inventoi's now cieaiiy showed the protective ef ect of basic proteins iiKe protamine on the cnsicai stability 
of single stranded RNA. especially mRNA. Eased on these resoits a method for fiie transfer of mRNA into cetts was 
« developed wherein the mRf^A is ti-ansferred in tne form of a complex or a comparabte associated structure bet^'oen 
at ieasS one mRNA and at least one cationic, especially polycationic peptide or profein Complex formation by essentiaiiy 
ionic interactions has the decisive effect of slabiiizing the mf-^t^JA and preventing it from degi'adatton. Thtis^ the geneitc 
information is delivered into the cell without the drastic loss of efficacy which normatty makes the transfer of fynctionai 
RNA into cells impossfbte. 

50 [0025] in generai, all cationic, especiaiiy poiyicationic, peptides or proteins si-iouid be suited for this inventive method 
In pafticuiar, nucteic acid binding peptides or proteins show good resutts, io a preferred embodiment the cationicfcasic 
peptides are short and possess a length of up to 100 amino acids. Nevertneless. the invention comipnses use of peptides 
or proteins which are larger. Usable peptides or proteins are preferabty provided by fjurification of naturatly occuring 
or recombsnantly expressed peptides or proteins, since such substances are commonly availabie. Another possibsttty 

s-s is to produce she sui^stances by cheniioal synshesis i^.specially Skiited are protamine, poiy-L.-iysine and hisfone. 

[0026] Side-effects of these pso-ems or peptides, especiaiiy regarding gene therapy, are negligible, smce the above 
mentioned peptides or proteins are not immunogenic. Therefore, thetreafment of a patient with said peptides or proteins 
will oof evoke an immune response against fiie administered composition compnsing mf^NA and ttie cationic peptide 
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or protsin. Thus, She snvsotive method is exceiientiy suited for therapaotfajl and dint&jl appsicatiofi, Obvsoustyi the 
inventive method provides aiso 3-': efficient tooi in 3il dorna-rts of rnoleCviisr research. 

(0027] Ti-if; toisrisnoe of -he irwerilivf; rnsthod in ll-if3 fifsid of ■3.;j gen.; therj-py is a main advairtage C'S the invftntion. 
Thsrsfore, it is preferred to perfocm the inventive method in vivo, especiaiiy in ciinicai appiicsjtions. The compiex com- 

s prising niRf^A and the rationic peptide or protein is preferably adrninisterejd into Biibarachnoid spactss. periphefai 
iymphatsc nodes, tomour tissues arjd'or cartiiaginous tissues, Especiaiiy promising resiifts were obtainejd by adrnwiis- 
tration into cartilaginous tissues. In one embodiment of the invention the compieK is admini-stered into aurai tissues, 
espectaiiy insc the ear pinna. The appiicatjiiity of the inventive method in aurai tissues is of paiticuiar importance since 
conventione; methods, tike iiposome-niediated nt.icleic acid transfer into aursi tissues is not possiPle. 

i'3 [00283 deiiv's'ring the compiexsjci rnRtvJA into th« cell, «:i;pei;iaiiy iiito the orgisnism, e.g. siiiirnais or iiui-iians, there 
are severai possibiiities. In preferred eiT!boct!!T:er!ts of tiie in^'entive rriethod the compter is delivered by inteciion. par- 
ticuiaiiy by (otradermai. intramusciiiar, intravenous, subcutaneous aod/or Intranasal (njection. 
[0029] Advantageously, the rnRNA to be transferred enoodes at least one antigen. Si.:hsequertf to trans'er of the 
n^ioleic acid the encoded antigen is translated by ttie translation niachinery of ihe transfected c«:ll. This ati!ig(;n evolces 
an irnrn;.:ns response within the orgamsn;, Ti-iss response is usaPie to treat a certain disease, for example to treat 
tumours or cancer. A specific protein or peptide of the targe! oetts to be eliminated is chosen as antigen. Another 
possibility is to deliver the genetsc infosmation tor niore than one antigen into the cell. PfeferabSy, coiiections of mRNAs 
are transferred in ordei- to achieve a strong imtTii,ine response Clearly, the invention comprises the transfer of genetic 
information encsxiing e.g. enzymes or other peptides or proteins or coiiections thereof, f-urihermonei, the invention 

i'o comprises the deiivery of antisense RNA or collections thereof into the ceil 

[0030] in a preferred embociinien- of tt)e inventiori ttie collection of mRNAs is actileved by preparing a RNiA iibrary 
derived from e.g. tumour tissue. The coitection of rnRNAs could be built up by fractionatcjd or unfractlonated RNA 

[0031] In an especially preferred embodiment of the invention the aim o! introducing rnRNA encodifig antigens into 
the cell is to stimulate cytoto,<ic T ceils for e.'^ampie. This is achieved by ihe presentation of antigenic }>eptides in 
connection with MHC ciass ! complex on the surface of antigen presenting ceiis, which have been treinsfected by 
mRNA. This way of evening an immune response is similar to the stimulation !5y viral pathogens. Slmultaneousiv, a 
humoral immune response is achieved by stimulation of T helper ajiis due to the iiiimunization with rnRNA, Ther6l>y, 
the itnmunization with mf-^NA leads to the possibility of treatment of viral infections up to the treatment of cancer. 

so Especially the treatment of cancer is performable by immunisation with an unfractionated and/or fractionated RNA 
iibrary produced from tumour tissue. This is possible even in the case of very small sample amounts of tumour tissue, 
since it is po3Sit?le to generate a cDNA librapv' whicii can be amplifirasted and Bfor«;d, if needed so. From this cDt^A 
library RNA can be trsinschbed in vitro in high amounts which can be used for vaa;lnatian in the inventive manner. 
[0032] in an especially prefen'sci embodimeiit of the invention the mRNA comprises sequences, especiaiiy at the 

35 w.-.dior 3'- ierfninai enci. wiiich are not transiated within the cell. These additional se'^uences are especiaiiy preferred 
in order to achieve a further stabilisation of the rrsRN.A. Particularly m clinical applications such a further stabilisation 
of RNA couici be desirable. 

[0033] For exatnple in order to increase the iranslational efficxacy of the transferred mRN.A It could be advantageous 
to !.iae a mRNA whict) comprises Sit iea.stone internal ribosomal entry site nRESs. Such a sequenaj promoies ihe erifry 
and binding of the mRNA into the ribosome whereby the fransiation rate is increased. 

[OO343 In 3 preferred embodiinent of the invention ihe trEinsferred RNA comprises -wo or more genes, e g. a gene 
ensjoding for an antigen and a gene encoding for a fador, e,g. a cytokine, which stimulates ihe immsjne response or 
costimuiating surface receptors. \A.'ith respect to such multifunctional RNAs IRES could !3& used as well-suited com- 
ponents wiien constructing the corresponding vectors, 
« [0035] in comparison A'ith the -ransfection using DNA it was shown by the inventors that the transfer of RNA using 
the inventive method is much more effective. About 1 ag RNA per 30 g living weight was shown to be effective in 
evoking 3 specl'k cytotoxic 1 ceii tesponse in mouse whereas 50 |.!C DNA per 30 g living weight were necessary to 
evoke the same effect. Thus, the inventive rneihod has ttie considerable advantage that mijch less genefic material is 
needed So obtain the desired eMsc; thereby reducing jhe costs. 

[0036] Addttionaiiy the invention composes a ktt suitable tor penorming the inventive method. The kit comprises at 
leasi one tsasic f)eptide or protein, 6 .=-pe<;i.t!!y protamirie or poiy-t.-lysine, appropnale i^uffer solutions and pieleratjiy 
RNA, especially mRNA, in dried state, in another embodiment of the f-it RNA is e>;cluded in order to enable the user 
to use the inventive kit for the own particular task of inleresi. 

[0037] i-urthermore, the Invention coinprises a cornplsN whicti is fonned by at least one catioinc- peptide or protein 
and a! least one mRNA. Regarding ttie features of tnis cctnpiex reference i.s made lo tt)e above description. Ttie 
l-ivenSive complex is especially useful for transfer of mRNA. into cells, espectaffy into organisms. 
[003S] in a pieferred embodiment of the invention at leasi one inventive compk;); as descrii^ed abovt; is part of a 
composttioo. Further ingredients of the composition are preferably buffer solutions and.'or further components which 
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promote the sistaiiity of Ihe mRNA. Preferabiy ihs imposition comprises at teast one RNase inhibftof. RNase snhibitors 
are comrnerciaiiy ava!i3bie and art- 'Atde-iy ussci in iabofato'y practice. One example of 3 suitabie RNase inhibitor !& 
the RNcise inhitjitor of human pi;3ceri!;3 it is aho p(3ss.ft)ie to stjibifize She RHA by oiiisr IrRatmentB e g ape'cliai s.slt 
conditions, as tbey are Known oy experts in the arj 

[00393 Furtherrr-ore, th-s coniposilion coiiici ttjrnpfise fit it;asl one phartTtf-ceuticaiiy ;3c:c«piat)!e carrier in cvd&t to 
provide a phasTnaoeuticaf compostfion usefui in therapeuficai applications, !or exampte. 

[0040] Thf: inveriiion comprises; ttie ijs«; of the inventive coniplex ;3s rxiiiinect above for fhe nii-ni.!!'acii.ifing oi phar- 
rnaceuiicai compositions, "i'tie niatiuiacluririQ of ihe pliarm;;c:eutica! composition is pei'formeci according to siandard 
procedures Due to the stability of pcecepitated RNA ;! is possible to store RNA in dried state Prior to the transfer of 
tiie RNA according to tiie invenlion the RNA e. 9. is soived into an sppropnaie solution additionaiiy comprising at teast 
the basic peptide or protein and preferably further compnsinct stabifizing componerits. e g. at ieast one RtNiase inhibitor. 
(0041] Sifcii pi-iarmaceulicai composi-ions are t-speciaffy usefa! for ihe ifoalrnenl of cilsea'serB. wiiich a't- preferaiiity 
caused by at ieasi one genetic defect. Examples oi suci'i f<.ind of diseases are congenita; immunodeficiency disorders, 
■ike Cystic Fii^rosis-. or Adenosine Deaminase Deficiency [kDA] in s-jch cases the invention is used 10 deiiver the 
corract genetic triformation whicti is absent or malfunctionaf in tfie concerned patient, if it is appropriate, tfis invtjntton 
is used to suppress a maifuoctiona! gene by antlsense technoiogy, 

(OO423 in another preferreii emtmtiimen! of ihe inveniion ihe coivipie^ is used -or the maf)ufactijriiig of a pttanrsaceu- 
ticai composition for the stimulation of an immune response As outlined above, the inventive method can be used to 
introduce the genetic information for an antigen into the eel! evoking an immune response directed against Ihe certain 
antigen. For example, m the treatment of cancer ttiis coufd tje a vep>' efficient sfrategy to overcome the disease Also 
in th«: field of infections like AIDS, t-iefja-ilis or Malaria, ttie c^se of ttie Ir-ventive mettiod, es!X;Otally -he sjse of a compiex 
for the manufacturing of pharmaceutica! composition, promises good results, 

[0043] Finaiiy, the invention campnsies Itie use of the inventive mettiod in otder to express; factors, especially peptides 
or proteins, preferably peptides or proteins which are expressed on ceff surfaces by means of which thecett is iaijeiieci. 
This aspect of the invention couid be useci to promote desired cell-io-celi interactions, for e>!ampte. or to provide a 
target for specific destroying strategies, e.g. In tiie field of tumour treatment. Furthermore, the invention coutd be used 
:n order to express cytokines which couici e.g stimulate the immune system anci/or strengthen the immune response. 
Examples of such cytokines are GM-CSF, lL-2 or tFN-gamma. It is also oosstbie to exfiress surface receptors whid^ 
increase presentation of antigens, e g. molecules of the 87 class or surface inoiecules involved m ceii-ceii adhesion 
iii^e lCAM-1, !CAfi.'i--7; atid I..FA-3, in partlci.ilar wiih re.spect io turner therapy andfor virat infections. 
[0044] One exaivipie of the use of ;he iiiventive nisthod is the treatment of muscular dystrophy, coinpi'isiiig tiie steps 
of introducing a therapeiJtlc amount of a composition comprising a )tiRNa\ operativeiy encoding for dystrophin in a 
phamiaceutically acceptahie injectable carrier in vivo into the rnuscie tlssije whereby ttie mRNA is taken up into the 
cells and dystrophin is produced m vivo. 

{OO453 Further eyatnpies of diseases.- Vv'hich couid t)e treated by tlie iiiventive rnetiiofi are insutin ■^efici«:!K:ies /transfer 
of mRf\iA encoding insulin.l, Phenyii^etonufia (tran.sferof niRNA encoding phenyialanine hydroxylase}. SHyperchoies- 
teroletriia (tranafef of niRlNi A encoding a facior associated v^'ilh choiestefoi homEhostasisj and Cysfic Fit>ro:3is 
[0046] The features as descntJed aiid iurther features ihe invention read from ttie foiiowiiig descriptioii of an 
exampfs in conjunction with the stjb-ciaims, whereby each of the individual features is ctaimed individuaffy or in com- 
bination With each other. 

Exa:f!3pisis 

{OO473 in figursfs 1 -04, to which rsjference is n!acie m ihs; foUo-wmg description, fhefeatijres as here iists?d ate ;;hown. 

Figure 1 Induction of jS-Gal specific CTL (cytotoxic T lymphoc^nes) activity BB mice were immunized i.p. {infraperi. 

toneal.j with 10- Hela celts electroporated with jiglacZjjigo,, RNA. Spleen cells were stimttlated in vitro 
vvith the synthetic peptide ICPfvlYARV corresponciing to She s-mino acid setjijence 497-504 of E. coii (S- 
gaiactosidase, CTL activity was deterf^nned in a standard ^^Cf-reiease assay 5 d after in vitro restiniuiation. 
The targets were Hela K^- ceils. Heia cells transfected with iicjiacZjigct,... RNA and Hela cetts mcuoaied 
with synthetic peptide ICPMYARV. 

Figure 2 RNA degiEioation protection assay Arrowhead ifidicats.-s 0.5 tig of naked tigfacZhgc',., Rt^A or protamine- 
condensed |5gfac2ji>ga,, RNA, respectiveiy. RHA was Incubated with 2,6 % tetai bovine serum in vaccina- 
tion buffer at room temperatijre. At ihe indicated time, samples were withdrawn, treated with RNase in- 
hibitor, frozen at -70 C and analyzed on a 1 % ;sg;srose gel. 

Figure 3 Induction of jj-Gaf specific CTL activity. BALB/c mice were immontzed as described with Unifeciin-encap- 
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sulaied proSamine-condsosed RNA or with proiamine condefised RNA. 30 j.tg of protamfne-{kj!ac:Zi!-!gGf, 
RNA + Uiiiteciiri was inje-cte-d imravenousiy (a) SviScutaneousfy tb) anc! 30 of proiam!neM5g?Pi'S'"'Vi 
RNA + Unifectin was injecSed intravenousiy as a control (c). Using the ear pinna (i.e.), 30 MS of protamine- 
i^giacZliga,, RNA id), 1 ng of i$giacZ{,-ig«,, protannne-RNA 30 jsg of protafn!ne-i5gfp}!g<'f; RNA as. a 
s control {f) and 30 MS of P13J protamine-library-RNA (g), respectivety, were injected once. SpieE5n ceiis 

were sttmuisted tmm in vitro wilh the syniiietic peptide TPHPARIGL correspondssig to ths H2^' spitope E. 
ooii Iv-Gai (lisaino acid 876-804 ;;e■:c^l.l^^nc■:^^. CTt. sjctivity vjivi dtJtertTiinec! ifi a siandarci ' ^Cr-r«lease assay 
'5 days after iii vitro restimuiaiion. "i'he targ^jts were PI 3. l celts (H-2--' iacZ trart$fected» and P815 ceiis- 
{H-2''), 

iO 

Figure ^ indi-iction of iS-Gal specific CTl activity. BALB.'c mice were in-;tTnjmzed i.e. witi-; 30 ug of c!r;proiecied ['>Qla- 
clfigUr, i^NA (a) or with 30 MS of pCMVp ONA piaamid (b) as described In Ref. 10. Contfot mice were 
imniutiizeri i.e. wth 30 jig of unproSacSad l>gfpjjg«,-, RNA fcl or w:th 30 iig of RNa&e treated }iglacZi5gu,, 
RNA {d). Spieofi ceiis were stimuiaied lwic:t3 in vitro with the syntheitc peptide TP[-tPARiGL CTL activity 
was detsfmined iii a standard "'-Cr-reieasa assay 5 tiays after i!t vitro restimijiation. The taj'geis were 
P-;3.1 ceiis {i-i-?^- ijscZtfarisfected^ and P815 ceiis (H--:^=; Ttie humoral IgG J:ntf-j5-Gj:i tmr^iunsrresponse 
was delected by EL ISA frorn sera two vveei^s after Im rriunisatiDn {e|. 

Average vakies were estimated over the 00.,,:,.-, Of f :1 00 to l -.800 diluted sera. Mice were imi-nunized once 
i.e. with 30 ijg of pCMVjS DNA piasmid, 30 MS of Pggfp[iga,( RNA, 30 ttg of unprotected tlgiacZpgw,, RNA 
20 or 30 ug of protamine-i-JgfacZpgcx., RNA. 

Methods and resofts 

Piasmids at^d FiNA synthesis 

(0040] Capped [5siacZi5gt.t,, RNA ttanscripts tor vaccinatii^n ajnialning Xenop;.;:-; !.?!evis p-globin satjijeixes were 
Prepared Py -.n vi-ro transcription witii Sp6 Cap- Scribe iBoehringer Mannhein-;) according to tiie manufacturgr s cisrac- 
tions fro(« she linearized SpjC-}igSacZ|ksi);,,. piasmid (a Hindiii-BamHI fragment containing Ifie latiZ gene was excised 
from pCHiiO pia&niid iPharniaciai and inserted into the iHindiii and Bglll sites of the pSpjC-l plasinid, whtcii was ksndiy 

so provided by J . Lord, VV3rwici<, UK) . For a negative corstroi |iggfp^iget„ R N A ff om the iinearised pT7TS-Pggfp|^gr<,-, piasmid 
was prepared contain!n,3 ;!ie gfp gene from Aeoijoria vict^ w:th T.y Cap-Scribe (Bofitinnger rvlaiinlieinr the Smai- 
Spei fragmerst of the gfp gene was excised frofrs pCFP {Ciontech; and inserted lnt,i.' the EcoRV and Spei sites of pT7TS 
piasmid, which was gerserousiy provided by P. A. Kneg, Asjstin, Texas, USA), P13.1 iibrary RNA iranscnpls were pre- 
pared fw-Ti a linearized cDNA librar-y from P13.! cells w-th T3 Cap-Scribe {B-oehringer MannheiiTiV The cDfW libran/ 

35 was constfUf;teci Iroin P ;3.i cells using the ZAP-cONA Synthesis Kit iSlrataoene) according to the manufacturer's 
instruction.s Prior to in vitro transcription, ai! iiaeartzed piasmicis were extracted twice with pheoolchioroform and pre- 
cipitated witb ethanoi,'''sod!U:m acel;3te. 

[0049] RNA iratiscripis were treated witri DNase (2 U.-fig of DNA-tempiate. Boetiringer Maiinhetmi at 37 -C for 15 
mm and e.xtracted with phenol/chloroform. Finally RNA was precipitated with ethanoi/sodium acetate, solubilized in 
« DEPC-treated water and stored at -30 -C uniii use. 

hviinuni^iaticins with nuciek^ at^ldis 



{0050] Prcjtamine (free base, gjade iV from saimon) and she protainma denvates (pfotarnints phospiiate arid pro- 
^5 tamine sulphate) were purchased from Ssgma. Tbe c^tionic liposome Unifejctin (structure see below} was obtained 
from A. Surovoy, Tubingen. 
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[00513 A pratan-iFW ■ RNA 'atio 1 2 thraijcihciut 'A.is. incuhalwi ir, 100 1.:! vjjfx.in.slion nufier 050 niM r^jt.Ci, 10 niU 
HSPES. [.-H St rooiTf rempeiaUirt; lor 5 Piin U!!!{ec'iiven':.;ipsufat!:":i Rf-iA w;-:;; piesjaied in cs iiposonis , pfotarr.iiie , 
RNA n-MO a ?. 1:1. A'hs;rs;3£ Untf-K.iin was j-dci-'Ci ^0 niin iifU-r in^ubatiori of prolSHHifio-RNA iri 60 ijt vscdruiiion irJier 
at room iemperaiure. 100 fii vaccioailon sofutton was (ojedecl i,p. {intfaperilooeal). i.v, (iiitravenous), s.c. (subcutarse- 
Ovisj ssnd I ni lintraniuscuia^i Nated Rt^A and DNApiasmsci controls were prepared in lOOni OEPC irt>at&ci vaccinasion 
biffjer arid appised immedsateiy. 50 al vaccirjatton soluiion was injectad into each ear pinna of ariaesthelized mice 
(Metofane. Janssenl 

ELjSA 

[0062] Bicod Sampies were cbtasried frosrt ilie taii vetn of riilce. Sera were prepared and SLiSA piafes (Grsiner} were 
coated ovsmighi with ji-gaiactosidase iSigma) in PBS suffer at -1 ■'C 

(00 533 Afier washing wiih 0.05 % TweeivSO.'PBS the pljiies wc-He bic)ck8'5 with 1 % bovir;-? serijm albumifi.'PBS tor 
• h at 37 'C. Sera were dtiuted in 0.05% Twseri-20/PBS and administered to the pistes for 1 h ai dTC. After further 
washing steps, bound antibodies were spotted with a psraxidase-corijijgated goat anfi-mouse SgG irrimuiiQg!QlM.iiin 
■ 3:g;V!a). Ttie piates were washed and developed wiih S-arrinosaticyiic acid (Sigma - in phosphate buffer and read at 
so 490 nm 

Cell cultore and S'sCr rerlease assay 

i,0054] P 81 5 and P13. 1 ceiis iRsf. 18) were cultured in u-MEM containing 10 % FCS, 2-ME, L-giutamine. and an- 
35 tibiotics. 7-9 d after immunizatior! of mice, redptertt spteens were rertjoved and the spieoocytes were restimuSaied with 
synthetic fs-Gai pepfids TPHPARIGL (iCPMYARV for the Hefa-K^^ approach) at 50-100 mM. CTL (cytotoxic T iym- 
pi-iOcyEe) iines were generaied by weekiy restimuiatian with syntjefieic. irradiated sploen ooiis. and synth(;iic peptides 
as de3crii:ied sn Ref. 19. Lysis of taroe- ceiis was tested :n a standard 5 h ■'^'Cr-reiease assay descnhed previousiy in 
Ref 20. Where appiicabSe, target ceiis were puised witli peptide during the^'Cr iabeiiing period. After incubation of 
■^S effector Eiixi target cells in rouncJ -t)Ot;ofn 96-well piaies for 5 h, 5(1 jit of 20f.^ til culture supernatant were removeci and 
radioactivity was measured in a micropiafe format scintiiiation counter (i460 Microbeta Ptus). using solid phase scin- 
tillation (Luma Plate-96, Packard). Percent specific release was determined from the amount of ^^Cr released into the 
n-iedtum t'A). corrected for .spontaneous release (B), and coinpared to the totat'j-Cr content of the 1% Thton-X-iOO 
iysed iarget ceils (C); % Specific iysis = iOOi;A-B)/{C-B). 

RNA degradatiofi pfOEec:Eion: assay 

(00 553 0.5 of ',%}i'cicZf>qu.., RNA was, incs.;batert for 5 triiii in 5 pi visccinaiion buffer c:ont.aining 0 25 ,iig of protamine 
At time point 0.5 i.(i vaccination buffer containing 5 % feta! bovine seaff)! was added and incubaled at rorsm ternperaiure. 
sa At an indicated period of iiirie, samples were vvithdravvn and mixed with 2 jji vaccingtion hufter containing iO U of 
RNase inhibitoi' {Sigma) ar-d fro:-:en ai -70 C;. 4 itl DE;PC-trc;ated vaccinal iofi buffer cc>ntainff)g 10 LJ of proteinase K 
and 4 pi OEPC-treared vaccination buffer containinrj 20% SDS and loadinp dye was added. Samples were analyzed 
on a 1% agarose gei in OEPC-treated Trls-acetate-EDTA buffer. 

(00563 '^0 study the efliciency of RNA-bass(j vaccines a pi;%smid vector for in vitro transcription of iacZ-Rf-iA (ti'^iac- 
s-s Ztlga,, RNA) was engineered contaifjing a cap structure, a polyfA) taif and fianlied at the 5' end and the 3' end by 
nntransiated regions iUTRs) from b-globin of Xenopus laevis to enhance cytosoiic protein expression tRefs 4 and 5). 
(00573 To access its immunogenic potential, Heia-K-' cei s (Ref 6; were electi-oporated with j^giacZjig ^, RNA (as 
follows; settings for Gene Pulser {Bio-Rad): Voltage; 850 V, Capacitance; 50 :,uF, Cun-ent: 50 rnA, Res(stance:<" Ll. 
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Cells (0.5 ml} were placed on See for 5 minutes and transfei-reci to 9.5 mi of complete «-MEM medium and incnbaied 
at 37 C over night} and injected i p. into BQ (H2^') mice. A specific C^L response agairtsi ji-Gai after stimutation of 
spieen celb io vitro with Ihe syniheOc peptide tCPMYARV corresponding to the presented epitope of E, coit f>- 
gjiioctcsidase I'ainino atid sequence 49;'-Jj04) (Ref. 7) was obser^'ed tiiat was compsrsftie to CTl inciuction upon 

s irnmuoization with in vitro Ri^A transfectfrf dendritic cells (Ref. 8j (Fig. 1 ). 

10058] h-or direct injection a\ RHf\ into rnics, proiarnii-ie was used to condense ai-ici protect RNA ircm RNase d&gra - 
dation. Protamine is a smaii naturally cjccurrirtg. arginine ricti protein (Ref. 9). As shown in Figure 2. ttre protamine 
RNA coFupiex Is less sensitive to RNase activity in 2.5 % fete! bovii-ie serum (undegraded futi iengt}-: RNA was visible 
after 60 mm incuoation) as coinpared to naked RNA. wli-ch was degraded witi^iin minutes 

iO [00593 To gerieriate a specific CTL response h-i vivo. .-30 pg of protaiTiine-CGndensed ISgiacZfigo:-, RNA w;j& encispsu- 
iatec! with a catiOiiiC liposome named Unifsctin by a very sirpple procedure and injected iniravenoi-isly and 3ubci.!t3ne- 
ously into BALB'c riiice. A specific CTL response against 3-'3a! (Fig Sa, 1;} was oi)taiii«:d after stii-nulaiton in vitro mih 
P':3. 1 ceils {H2", iacZ iransfectedi. Coniroi mice were inimunized iniravenousiy with 30 jig of Unitectirt-encapsuiated 
protatnioe condensed [iggfpj-Jgttrj RNA, encoding the gfp gene from Aequaria victoria (Fig. 3c). Intramissciiiar or intra- 

is peritoneal injcjction of liposome encapsuiaSed RNA failed to raise spacific CTL (data not showti). These results eiii- 
phasize the importance of choosing the most soiiabie injection site for successfuf nucieic acid vaccination, 
(OO6O3 Tile fciticiency of RNA vaccination ijsiriij ihe ear pitina (i.e.) as injecliof) site was investigated, injection iftto 
the ear pinna of Unifectin-encapsuiated protamine-condensed iJcjiacZjigu,, RNA did not generate specific CTL (data 
not shown), whereas a single injection of 30 pg protamine-condensed ^-iglacZpgfv. RNA without iiposome triggerai a 

i'o specific CTL response that was recaiieci after stimulation in vitro usmg a synthetic peptide corresponding to the iH2J 
i.VGal epitope TPI-^PARIGL (amino acid sequence 87i>-804) (Ref 11) (Rg, 3d). Only 1 i.ig of proiamine-condensed 
JlgiacZpgt*;,, RnA (a low amount of nucleic acid compareci to the reguiar protocol for DNA vacctrtation sn tiitce that 
involve at least 5Q tig of DNA {Refs 12 and 13)) sufficed for in vivo CTL priming (Fig. 3e). Gonlroi mice immunized t. 
e. witii 30 Jig of protamine condensed fiogipisgc,. RN.A did not develop anti-:?-Gal CTL (Fig. 31). .After demonstraiton 
that it is possibis to raise CTL in vivo directed again.st a single protein encoded by 3 homogenous RNA popi-itafion, the 
assuniptioo was explored that a compiex mRNA mixture couid trigger anfigen-specific CTL as well. It has previoosty 
Seen showii that RNA transcntoed in viti-o from 3 cDNA library can i^e taken i.ip by dendntic cells (DC) in vitro and that 
RNA-Soaded DC induce CTI responses in vivo (Ref. 8). The possibility of friggeriog a CTL i-espon.s6 directed against 
j)-Gai by employing a oompieA mixture of RNA was evaluated usmc RNA tran&cnbed in vitro trom a cDNA library of 
P 13. 1 ceiis {H2'K iacZ transfected). immunization (i.e.) with protamine-condensed, P13.1 iibrary-RNA, for example led 
to a specific CTL response against [J-Gal (Fig. 3g). This is i-emarfcable, since only a low amount of of iacZ encoding 
RNA can !X: e.<pecied in the 30 pg of total unfractionated P13 1 RNA. 

[00613 whether protection of RNA t>y prcstannrie is essential for in vivo CTL priming t-3A1.6,'c mice were irnniu- 

n-zed i.e with 30 pg of ijnprotected SkiiacZDg)-;,, Rt\iA immediately after preparation (Fig. 4a) Unexpect&diy; naked 

35 RHA iinniunizalion also generated a i$-Gai specific CTL response, tfiat was even stronger tiian t!i«: injection i.e of 30 
Lig of naKed pCMVj'3 piasm;!d Ot^t.A, for exampie (Fig 4»), On tt-ie eontrapy, injection of unprotected |.-iggfp|:ig«,, RNA. as 
well a.s RNase-trested bgiacZikK/.,, RNA dici not induce |-5-Gal specific CTL (Fig. 4c, Fig. 4ci). Furtiierrfiore tiie injection 
of unprotected iiiglacZjigc.'.;; RNA stored for 1 h at roonri temperature in buSer tliai was not especially i-nade RNase-free 
did not indrice CTL (data no- stiown). The deveicpment of humorsjf imniunity was tested by i5-Gal £:f..tSA piaie assay 

■^s using sei'a 2 weeks after irniTionfxation. tgG antibodies specific for j3-Gal are datectafjie in sera of mice irtHTiunized i, 
e either with 3Q ug of pCMVp piasmid DNA, 30 ug of unprotected l^gtacZjigo,, RNA. or 30 ug of protamine-condensed 
iSgiacZlkjo;., RNA. Sera of mice injecied i.e. witti i^ggfppgo,, RNA was used as cofiirol ( Fig 4e) 
i.0062] These results allow conclusions for vaccine development that are wholly iine!<pecfed. especially with respect 
to therapeutic vaccinaiion against cancer. Aithough the surprising efficiency of freshly prepas-ed naked RNA for vacci- 

^5 nation is uniii^eiy to pronioie its use in a clmicai setting, profamine -protecteci RNA appears to iiave all ihe advantages 
of DNA vaccination, but without the intrinsic risk of DNA integration into the genome and the induction of pathogenic 
anti-DN.A antibodies (Ref. 14). Tutiior antigens thai are already known could be used as muiti-epitopic f-^NA vaccines 
without regard for HLA expre.ssion in the vaccinee (as is re!:iuired for peptide vaccines (Ref. 1S}). Moreover, since 
i-ieterogenous RNA populations lead to an antigen-specific CTL response, RNA can be prepared froit] a cDNA iibrary 

50 established from a smaii tumor sainpis {Ref S). This approaci-i seems to presei^ri a way to induce immunity 3g3in5t 
certaiti types of cancer in patients in which tumor rejection antigens have not been identified, aithough it bears the 
potential risk of inducing autoimmunity, as does any other coinplex. tumor-derived vaccine, such as gp95 (Ref. 16). 
(0063] imrr-unizaiion into the ear pinna was highly efficient. Ear pinna itssus was tested 24 h after injection with 
protamine-condensed jJgiacZSgo;,, RNA for expressioii of ti-ie iacZ gene by X-gal staining. The intensity of ji-gal ex- 

s-s pression was strong and not distinguishable from that of a control pCMV-p DNA piasmid (data not shown). Sn addition, 
the reason for the expi-ession of f-^NA which occurs so readily m an immunogenic way, needs to be eiucidated (RT- 
PCR confinned that tigiacZpgo.,, RNA was present in the ear pinna for more than --ig h after injection (data not snov>.'n)). 
One possioiiity is thai RNA transduces dendritic cells direcliy in vivo, it is certainly an advantage that Ihe in vivo uptake 
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of RN A is mediated wi Ihoui the need for any adjuvanfs or tr ansfecticsn vehicles such as f^Jtionic Si fxssomes, which often 
cause laient toxiciiy in higher doses. Catioriic iiposomes 3-e i-iigi-ify toxic tosvard mscrophages and induce & drop in 
the prodtiction oi at teast two immunomoduiators by ac!iva!e<i macrophages {Ref. 1 7). The RNA-protective protamine 
does not appefir to be in-:fPunof5snic since no peotamine- specific igG antiljociiss were detectec! in sera of mice (data 
not shown). For practical purpose. RNA can be stored in precipitated form and solubsiszed in transftx;tion buSer con- 
taining protamine directiy beSor© vaccination. 

[0064] Thf: result? of the irivenfion car; be £ijn;tnari;:e<:t a<; follcws. To study the !;fficl!5ri.:;y of RNA t)as;i5d vaccines. 
RNA coding foi' ilie rnodei antigen p-gaiactosidase {jii-Ga!} was iranscnt)ed in vitro from a iac^ gene fianl<;ed by slabi- 
"2it^g ?/.$.'?.?fiy.?.J.f!®.y.!5 (.■''-giobin S' and 3' sequences and was protected from RNsse degradation t)y condensation witn 
the poiycationic peptide pro-arnine. The lifjosortie-encapsuiated coriden;;ed RN.A-peptide cofnplex, the condeftsed 
RNA-peptide compiex without liposome or naked, unprotected RNA. w&s injected into SALB/c fH2'--) mice. Aii prepa- 
rations.- led !c protein expressioti in the iocai tissue activatio-i of H-2-i-estftct8d anti-|3-Gai cytologic T iynif.thoc^tes /CTL) 
and prodi.iction of ieO antiljodies. reective against jj-Gai Rf^iA-triggered CTL were even snore efficient in the iysis of 
■acZ transfected target ceiis as CTL triggered by a !acZ DNA euliafyotic exp'ression vector, immunisation with RHA 
ti-anscnbed from a cDf*fA mrary from tne |i-gai expressing cell itne PI 3.1 again l&d to fS-Gaf specific CTL and !gG 
ir-duction Thijs. i)oth nakec! and especiaiiy protected RNA ran be used to eficit a specific injmune resporise. whereby 
the protected RNA is stable m vitro for a tonger period of time. RNA vaccines c^jn be produced m high amounts and 
nave the same major advantages as DNA vaccines fjut iacK the potentially harmful effect of DNA integration into the 
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Ciaims 

1 . fsSetiiod for the transfer of mRNA, paftscolariy into celis, charsclerixed m that IhB mRNA is transten-ed in Ihe fonT! 
45 of a complex betA'een at lea&t one mRNA and a; ieast one cationic. especiatty pofycationic. peptide or pi-otein. 

2. Mettiod .sccording to oiatm 1 . ciia^actenzed in that the peptide or protein is- a nucteir acid binding peptide or protein, 
particularly prcJtamine. po!y-L-lysine and«>r a tiistone, wherein protamine is preferred. 

50 3. Wethod according to ciaim 1 or ciaini 2, characterized in that the method is performed m vivo, wherein prefera&iy 
the complex is adminisSered irtio subarachnoid spaces, pertpheraf lymphatic nodes, tumour tissues and.''or carti- 
laginous tissues, ^'herein caHiiaginous tissues are further preferred 

4. MettKKl acoorOtng to one of claims 1 to 3, characterized in that the complex is administered into aural tissues, 
s-s especially into an ear pinna , 

5. Method according io cjne of the precedir;g claims characterized in ih£:t the coiPpiex is adrsitnis-ered ijy insection. 
particulafiy by iniradermai, intramusculaf, mfravenoLts, subcutaneous and/or ifitranaaa! injection. 
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6. Method according to one of She precsdtog ciatois, characterized in thai the mRNA encodes a! Seast one arstigen. 

7. N-i&thod according to onfc of th'.; prsct-ding ciairns, charac'Left^tJri in th.st Ihe ruRNA Is a -Xiiiectior! of niRN.As 

s S. f\^t3thotJ accorfjing to ono of ihe prfiopding ciairns. oharacferized in thf:! the mRNA comprisss sftquisriO'SS:. isspociaiiv 
al thq b'- and/or ihe S'-iermii-!;;! end, -MKQh are essentially not translated dunnf^ expression 

9. fv-leihod acc-Diding to one of {j-ie preceding oi;5ini&, ciiar3Ctef !2ed in that tiie niRNA comprises at teast one :ri;errial 
rfbosomai entry site, 

10. Method according to one of the preceding ciain-ss, characterised in ti-iat the mRNA is further s-abtftzed by at least 
one factor, ospeciaiiy a RNase irthibiior. 

11. Complex oomphsing at ieasl onf: mRNA and a! ieasE or'B cationic. espectaiiy pofycationic, peptide or proitsin. 

12. Cor[!pie>: according io ciairn 11 ci-iarac.ifjrivffid ifi ttiat t;ie peptiiie or protein a ni.ici!5ic sicid biridirig peptide or 
protein, psirtictjiarty protamine. poly-L-lysine and/or a hisione, wherein fjrotamine is preferred. 

13. Comp!e.< accordir-^ to oiairn 1 '. or c-laim 12, ciiarac'eri^.eti ;n that Ihe rnRNA eoC'Xlij& at lea«f one anfiCj'jri. 

14. Cor[!pie>: according to one of claini;; 11 to 1?v. charact■:^'l/:^^d ir; titat ii-a mRNA compri&js soqi-iencfss. es>peciaiiy 
at ihe 5'- and/or the S'-iermmai end, which are esserjtiaiiy not transtatabie dunng expression, 

15. Compie;< according to one o? claiins i1 ;o '14, ci'iaract8n2ed in that the mV-^NA cGmpnses at ie^set one interriai 
fibosomat entry site. 

16. Complexaccoi'ding to one of ci&lnis if io io, ctiaracierized in that the mRNA i& a cxstieciion of mRNAs, 

17. Composition coiripnping ai least one cornpiex according to one of claims ri to 16. 

1 8. Composition according to claim 1 7, ch3r3c-fari;;ed in that If coinpr:pes at least one factor in order to further stai>!i!i:e 
the mRNA. 

19. Composition according to claim i7 or ciaim 18, characterized in that it is a vaccine. 

20. Composition according to one of claims 1 7 to 1 9. characterized in tna; it is a pharmaceuticai composition comprising 
the at ieaat one compieK in an effective aniount anci preferaoiy at ieast one pharmaceulicaffy acceptabie carrier. 

21 . ijse of a compiex accorciing to one of claims; 11 io 16 for ihe mattufacturifig of a pharfnticotiiical coniposifion for 
the treatment of diseases, especially diseases doe io genetic defects and?or viral infections 

22. Use of a coirip!e,K according to one of claims 11 to 16 for tiie manufacturing of a pharmaceuticai cor«pDsilion for 
the stimifiatton of an mimisne response, 

^■S 23. Use according to claim 21 or ciaim 22. ciiaracterizsd in that the pharn-;3ceuticat composition is io &e administered 
into subarachnoid spaces, peripheral iymphatic nodes, tumour Sissises and,fer cartilaginous tissues, wherein car- 
tiiaginoifs tissues are preferred, 

24, Use according to one of cialins 21 to 2'i. cUaraotsi -zeH in that tiie pharmaceutical coiripo&ition Is adrnlni&tered into 
SiJ aura! tissues, espectaiiy into an ear pinna, 

25. Use according to one of claims 21 to 24, ctiacacterized in that the pharmaceutical composition is to be administered 
tiy injection, parficularfy by intradermal. :inS.ramuscu!ar. intravenous, subcutaneous and/or intranasa! injection. 
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30 fig protamiE^e 
BgSacZBgoc RNA 
Unifectin i.v. 




30 ^.g protamine 
BgiacZBgaRNA 
Unifedin s.c. 




c 30 iig protamine 
BggfpBga RNA 
Unifectin i.v. 



0,3 0.1 0,03 



1 0,3 0.1 0,0i 



d 30 }.iQ protamine e 1 jig protamine f 30 fig protamine 

BgiacZRgfx RNA i.e. BglacZSgct RNA i,e, Bggfp&ga RNA i.e 



3 1 C\3 0,1 0,03 



g 1 M-g protamine 

PtS.I \ibrmy RNA i.e. 



9 3 } 0.3 0,1 0,03 
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a 30 ^9 BgSacZSga RNA i.e. b 30 jig pCMVfJ 

DNApiasmid i.e 



c 30 {ig BggfpBgaRNA i.e. 



\ 



3 3 1 0,3 e.l 0,03 



0,3 0,1 0,03 



0,3 0,1 0,03 



d 30 fig BgiacZBga RNA 
RNase treated i.e. 



e igQ Antibodies 2 weeks 



9 3 1 0,3 O.i 0,03 
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